INTRODUCTION
Left ventricular (LV) adverse remodelling represents a major feature of systolic heart failure (SHF). It has been identified as a risk factor for impaired cardiac function [1] . A potential role of miR-1 and miR-21 in adverse cardiac remodelling in HF has been recognised [2, 3] . Increased concentration of galectin-3 (gal-3) in HF patients has also been observed [4, 5] .
We aimed to explore the serum expression of miR-1 and miR-21, and the concentration of gal-3 in SHF patients with different degrees of LV dilatation. The concentration of N-terminal pro-B-type natriuretic peptide (NT-proBNP) was measured and compared with new, potentially clinically useful HF biomarkers.
METHODS

Patients hospitalised in the 1
st Chair and Department of Cardiology, Medical University of Warsaw due to decompensation of SHF with LV ejection fraction (LVEF) < 50% were enrolled in this study. Each patient underwent echocardiographic examination using a Philips iE 33 system, according to Simpson's method. The following parameters were measured: interventricular septal thickness diameter, left atrial diameter, left ventricular end-diastolic diameter (LVEDD), and right ventricular diameter. All patients were divided into two groups: subjects with significantly dilated LV (LVEDD > 60 mm) and without significantly dilated LV (LVEDD < 60 mm), as in the study by Abergel et al. [6] .
Serum concentrations of high-sensitivity C-reactive protein (hsCRP), troponin I (TnI), and NT-proBNP were measured using a Dimension Xpand instrument (Siemens Health Care Diagnostics, Erlangen, Germany) and gal-3 level was measured using VIDAS testing system (bioMerieux SA, Marcy-I`Etoile, France). Total RNA was extracted from serum using a NucleoSpin miRNA Plasma kit (Macherey Nagel, Düren, Germany), according to the manufacturer's instruction. Reverse transcription reaction was performed with the Universal cDNA Synthesis kit (Exiqon, Vedback, Denmark), using a 2720 Thermal Cycler instrument (Thermo Fisher Scientific, Foster City, CA, USA), according to the protocol. MiRNAs were amplified using quantitative real-time polymerase chain reaction (qPCR) on a ViiA™ 7 Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA, USA). Relative expression of investigated miRs in the study groups compared to 17 healthy volunteers was calculated using the DD Ct method. Finally, qPCR results were presented as fold change using the 2 −DDCt formula. MiR-103-3p was used as normalisation control.
RESULTS
A total of 59 participants were enrolled in the study, including 30 patients with LVEDD > 60 mm and 29 patients with LVEDD < 60 mm. Demographic and clinical features are presented in Table 1 . The level of miR-1 was decreased, whereas the level of miR-21 was increased in patients with SHF. We observed a significant negative correlation between interventricular septum thickness (IVS) and miR-1 and a positive correlation between IVS and gal-3 in patients with LVEDD > 60 mm (Rs = -0.400, p = 0.039 and Rs = 0.418, p = 0.030, respectively). Among HF patients with LVEDD < 60 mm a positive correlation between gal-3 and NT-proBNP was observed (Rs = 0.595, p = 0.0008) ( Supplementary Figures 1 and 2 -see journal website). 
DISCUSSION
The main finding of our study is that miR-1 concentration is lower in SHF patients and decreases further in the group with LVEDD > 60 mm as compared to LVEDD < 60 mm. This observation may suggest that miR-1 down-regulation is associated with maladaptive cardiac remodelling in SHF.
We observed the link between miR-1 down-regulation and progression of adverse cardiac remodelling assessed by LV dilatation. Significant negative correlation between miR-1 concentration and IVS in patients with LVEDD > 60 mm was noted. It is important to underline that patients with extreme LV dilatation had also significantly larger left atrial and right ventricular dimensions and significantly lower LVEF. It may suggest that the role of miR-1 in progression of cardiac hypertrophy and contractile failure is limited to subjects at an advanced stage of heart chamber dilatation. Evidence regarding the role of miR-1 in cardiac remodelling derived from clinical trials is scarce. A significant negative correlation between miR-1 and LVEF was observed in 48 patients after acute myocardial infarction [7] . MiR-1 expression may predict the onset of HF in this subset of patients [8] .
We found both decreased miR-1 and increased miR-21 levels in decompensated SHF patients. These observations are in line with previous pathophysiological reports that these miRNAs change later in the course of the disease [8] . MiR-21 level was not significantly decreased in patients with LVEDD > 60 mm as compared with LVEDD < 60 mm. MiR-21 up-regulation promoted the development of HF with preserved ejection fraction [9] ; in our study decreased expression of this miR molecule favoured adverse LV dilatation and subsequent attenuation of LV function in SHF. Tatsuguchi et al. [10] confirmed that miR-21 expression may negatively regulate cardiac hypertrophy.
Another important finding of this study is that the levels of gal-3, a novel, promising biomarker of adverse cardiac remodelling, positively correlated with IVS in patients with extremely dilated LV. Increased gal-3 concentration on admission was associated with both higher NT-proBNP and echocardiographic markers of ventricular dysfunction [5] . We found a significant correlation between gal-3 and NT-proBNP, which remains consistent with a previous report [11] .
In conclusion, we demonstrated that miR-1 down-regulation in the course of SHF patient subgroups was associated with more pronounced maladaptive cardiac remodelling and LV dilatation, whereas the expression of miR-21 was comparable regardless of LV size. MiR-1 expression might potentially constitute a supplementary predictor of adverse cardiac remodelling in HF patients. MiR-1 down-regulation and gal-3 overexpression might also play a role in the progression of cardiac hypertrophy.
This pilot study provides additional information on the complex effects of miRs and gal-3 on the process of cardiac remodelling. Further studies are needed for better exploration of the involvement of these molecules at different stages of cardiac remodelling.
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